The risk stratification in patients presenting with acute dyspnoea remains a challenge. We therefore conducted a prospective, observational cohort study enrolling 292 patients presenting to the emergency department with acute dyspnoea. A proteomic approach for antibody-free targeted protein quantification based on high-end MS was used to measure LTBP2 [latent TGF (transforming growth factor)-binding protein 2] levels. Final diagnosis and death during follow-up were adjudicated blinded to LTBP2 levels. AHF (acute heart failure) was the final diagnosis in 54 % of patients. In both AHF (P < 0.001) and non-AHF (P = 0.015) patients, LTBP2 levels at presentation were significantly higher in non-survivors compared with survivors with differences on median levels being 2.2-and 1.5-fold respectively. When assessing the cause of death, LTBP2 levels were significantly higher in patients dying from pulmonary causes (P = 0.0005). Overall, LTBP2 powerfully predicted early pulmonary death {AUC (area under the curve), 0.95 [95 % CI (confidence interval), 0.91-0.98]}. In ROC (receiver operating characteristic) curve analyses for the prediction of 1-year mortality LTBP2 achieved an AUC of 0.77 (95 % CI, 0.71-0.84); comparable with the predictive potential of NT-proBNP [N-terminal pro-B-type natriuruetic peptide; 0.77 (95 % CI, 0.72-0.82)]. Importantly, the predictive potential of LTBP2 persisted in patients with AHF as the cause of dypnea (AUC 0.78) and was independent of renal dysfunction (AUC 0.77). In a multivariate Cox regression analysis, LTBP2 was the strongest independent predictor of death [HR (hazard ratio), 3.76 (95 % CI, 2.13-6.64); P < 0.0001]. In conclusion, plasma levels of LTBP2 present a novel and powerful predictor of all-cause mortality, and particularly pulmonary death. Cause-specific prediction of death would enable targeted prevention, e.g. with pre-emptive antibiotic therapy.
INTRODUCTION
Acute dyspnoea is one of the most common chief complaints of patients presenting to the emergency department [1] , with the array of possible underlying pathologies ranging from anxiety and hyperventilation to life-threatening pulmonary, cardiac and metabolic causes. Unfortunately, the signs and symptoms of these various diseases are neither specific nor sensitive, making rapid and accurate triage and risk-stratification difficult.
NPs (natriuretic peptides) as quantitative biomarkers of cardiac haemodynamic stress have revolutionized the early diagnosis and risk stratification of dyspneic patients by accurately identifying patients experiencing increased cardiac stress [2] [3] [4] . However, biomarkers identifying pulmonary stress and accurately detecting patients at highest risk of pulmonary complications are currently still missing.
LTBP2 [latent TGF (transforming growth factor)-binding protein 2] was recently discovered in an unbiased proteomics search for novel markers in patients with acute dyspnoea [5] . LTBP2 is an ECM (extracellular matrix) protein with multiple functions ranging from controlling TGFβ activity to ECM structure and cell adhesion [6] . Importantly, the highest levels of LTBP2 are consistently found in lung tissue [7] . We therefore aimed to assess the diagnostic and prognostic potential of LTBP2 in patients presenting with acute dyspnoea.
MATERIALS AND METHODS

Study population
The study population consisted of unselected patients presenting to the emergency department of the University Hospital of Basel, Switzerland, with a chief complaint of acute dyspnoea. From April 2006 to March 2007, 292 patients (out of 327 patients screened) were prospectively enrolled. Exclusion criteria were age younger than 18 years, an obvious traumatic cause of dyspnoea and patients on haemodialysis. The study was carried out according to the principles of the Declaration of Helsinki and approved by the local ethics committee (Reference Number EK 52/06). Written informed consent was obtained from all participating patients.
Clinical evaluation and follow-up
Patients underwent an initial clinical assessment including clinical history, physical examination, ECG, pulse oximetry, blood tests including BNP (B-type NP) and chest X-ray. Echocardiography, pulmonary function tests and other diagnostic tests such as CT (computed tomography) angiography were performed according to the decisions of the treating physician. CT angiography was the imaging modality of choice in patients with suspected pulmonary embolism. To assess the dyspnoea severity, we used the NYHA (New York Heart Association) functional classification with NYHA II as 'dyspnoea while walking up a slight incline', III as 'dyspnoea while walking on level ground' and IV as 'dyspnoea at rest'.
Two independent internists blinded to LTBP2 reviewed all medical records including BNP levels and independently classified the patients' primary diagnosis into seven categories: AHF (acute heart failure), acute exacerbation of COPD (chronic obstructive pulmonary disease), community acquired pneumonia, acute complications of malignancy, acute pulmonary embolism, hyperventilation, and others. The two internists also independently adjudicated the cause of death. In the event of diagnostic disagreement among the internist reviewers, they were asked to meet to come to a common conclusion. In the event that they were unable to come to a common conclusion, a third-party internist adjudicator was asked to review the data and determine which diagnosis and cause of death was the most accurate.
The end point of the present study was 30-day cause specific mortality. 30-day all-cause mortality, 1-year cause-specific mortality and 1-year all-cause mortality were assessed as secondary end points. Cardiac death was defined as death due to coronary artery disease, heart failure or arrhythmias. Pulmonary death was defined as death due to acute exacerbations of COPD, pneumonia and asthma. Each patient was contacted for followup, via telephone, by a single trained researcher after 365 days. In case the patient could not be reached, referring physicians and relatives were contacted or the administrative databases of respective hometowns were reviewed to assess the survival status. Of note, one patient was lost to follow-up, so 1-year mortality analyses were performed in 291 patients.
Laboratory measurements
Blood samples for determination of LTBP2, BNP and NT-proBNP (N-terminal pro-BNP) were collected at presentation into tubes containing potassium EDTA. After centrifugation, samples were frozen at − 80
• C until assayed in a blinded fashion in a single batch. NTproBNP levels were determined by a blinded fashion by a quantitative electrochemiluminescence immunoassay with CVs (coefficients of variation) reported by the manufacturer of 1.8-2.7 % and 2.35-3.2 % for withinrun and total imprecision respectively (Elecsys proBNP; Roche Diagnostics) [8] and BNP was measured by a microparticle enzyme immunoassay at the hospital laboratory with CVs reported by the manufacturer of 4.3-6.3 % and 6.5-9.4 % for within-run and total imprecision, respectively (AxSym; Abbott Laboratories) [9] . LTBP2 levels were measured using targeted MS based on an SRM (selected reaction monitoring) peptide quantification method [10] . In short, blood samples were depleted from albumin and IgG and then digested into peptides using trypsin. One such peptide, unique for LTBP2 in the human proteome (EQDAPVAGLQPVER), was then quantified against a known amount of its isotopically labelled variant spiked in each sample. Reverse-phase chromatography in nano-mode was used to separate the peptide mixtures (Ultimate 3000; Dionex) before quantification using a triple quadrupole MS instrument (Vantage TSQ; Thermo Scientific) operated in single-reaction-monitoring mode. To reach the desired sensitivity, an upfront peptide fractionation step based on the specific isoelectric properties of the peptide of interest was incorporated in the process using FFE (free-flow electrophoresis; BD Diagnostics). FFE fractions containing the peptide of interest were pooled and analysed using SRM analysis. The read-out of this assay in a sample is defined as the ratio of the analyte peak and the common spiked internal standard peptide peak. For each sample analysed a ratio was obtained and comparison of ratios between different samples represents the relative quantification of the protein. These SRM-based protein quantifications provide valuable tools in the measurement of proteins for which immunoassays are not yet available.
Statistical analysis
Continuous variables are presented as means + − S.D. or medians [IQR (interquartile range)], and categorical variables as numbers and percentages. Univariate data on demographic and clinical features were compared by Mann-Whitney U test or Fisher's exact test as appropriate. Correlations among continuous variables were assessed by the Spearman rank-correlation coefficient. ROC (receiver operating characteristic) curves were utilized to evaluate the accuracy of LTBP2, NTproBNP and BNP to predict death. AUCs (areas under the curve) were calculated for all markers. AUCs were compared according to the method by Hanley and McNeil [11] . Survival analyses were performed using Cox regression analysis and Kaplan-Meier survival curves. The Kaplan-Meier cumulative survival curves were compared by the log-rank test. Cox regression analysis was assessed by univariate and multivariate analysis to identify independent predictors of outcome. Overall 38 clinical and laboratory candidate variables were assessed in univariate regression analysis. Multivariable analysis included all significant candidate variables (P < 0.05) established in univariate analysis. GFR (glomerular filtration rate) was calculated using the abbreviated MDRD (modification of diet in renal disease) formula. Data were analysed statistically with SPSS 19.0 software and the MedCalc 9.3.9.0 package. All probabilities were two-tailed, and P < 0.05 was regarded as significant. Provided P values are not adjusted for multiple comparisons.
RESULTS
Patient characteristics
The baseline characteristics of the 292 patients presenting with acute dyspnoea are described in Table 1 . Overall, mean age was 74 + − 12 years [median (IQR), 77 (68-83) years), 52 % were men and 80 % were in NYHA functional classes III and IV. The primary diagnosis was AHF in 158 (54 %) patients, acute exacerbation of COPD in 57 (20 %) patients, pneumonia in 33 (11 %) patients, acute pulmonary embolism in eight (3 %) patients, acute complications of malignancy in seven (2 %) patients, hyperventilation in five (2 %) patients, and other causes such as interstitial lung disease, asthma, or bronchitis in 24 (8 %) patients.
LTBP2 levels as a function of HF diagnosis
Median levels of LTBP2 increased steadily with increasing cardiac stress across the final diagnoses ( Figure 1A LTBP2 concentrations at presentation in patients with dyspnoea were strongly correlated with age (r = 0.59; P < 0.001), markers of kidney dysfunction (creatinine: r = 0.71, P < 0.001; cystatin C: r = 0.83, P < 0.001, haemoglobin: r = − 0.38, P < 0.001 potassium: r = 0.33; P < 0.001), BNP (r = 0.52, P < 0.001) and NT-proBNP (r = 0.66, P < 0.001). Consequently, LTBP2 levels were significantly higher in patients with a history of chronic kidney disease No correlation existed with heart rate (P = 0.60), respiratory rate (P = 0.27), oxygen saturation (P = 0.25) and BMI (body mass index) at admission (P = 0.77). These correlations were independent of the primary cause of dyspnoea and persisted in AHF and non-AHF patients.
LTBP2 levels and prognostic value of LTBP2 on short-term outcome
At 30 days, 29 patients (10 %) had died: 20 AHF and nine non-AHF patients. Pulmonary deaths (n = 9), heart failure (n = 7), cancer (n = 6) and myocardial infarction (n = 4) were the most common causes of death. Nonsurvivors had significantly higher LTBP2 levels than survivors in the overall population (P < 0.001), the AHF subgroup (P < 0.001) and patients with dyspnoea of pulmonary origin (P = 0.011). As shown in Figure 2( Figure 2B ). ROC curve analyses were performed to assess the potential of LTBP2 levels to predict all-cause short-term mortality. In Figure 3(A) , the AUCs to predict 30-day 
LTBP2 levels and prognostic value of LTBP2 on 1-year outcome
Overall 80 (27 %) patients died during the first year of follow up; 58 AHF and 22 non-AHF patients. Heart failure (n = 28), myocardial infarction (n = 14), pulmonary death (n = 14) and cancer (n = 14) were the most common causes of death. LTBP2 levels in non-survivors were significantly higher compared with
Figure 2 Box plots showing (A) LTBP2 and (B) NT-proBNP levels in 30-day survivors, cardiac non-survivors and pulmonary non-survivors
The LTBP2 levels on the y-axis represent LTBP2 levels as measured by SRM-based methodology.
survivors for the overall patient population (P < 0.001), AHF patients (P < 0.001) and non-AHF (P = 0.021) patients. Again, there was a trend towards higher LTBP2 values in patients dying of pulmonary causes [0.009 (0.006-0.016) normalized level in survivors compared with 0.025 (0.016-0.037) normalized level for cardiac death and 0.052 (0.017-0.071) normalized level for pulmonary death] (Figure 4) . NP levels did not separate between causes of death [NT-proBNP, 7785 (1920-22 584) pg/ml compared with 9757 (3772-18 609) pg/ml; P = 0.52]. Mortality according to LTBP2 level deciles is shown in Figure 5 .
ROC curve analyses were performed to assess the potential of LTBP2 levels to predict all-cause and cause-specific 1-year mortality. Importantly, the prognostic potential of LTBP2 [AUC, 0.77 (95 % CI, 0.70-0.83)] was comparable with NT-proBNP [AUC, 0.77
Figure 3 ROC curves displaying the potential of LTBP2 (continuous line) NT-proBNP (broken line) and BNP (dotted line) to predict 30-day all-cause mortality (A), pulmonary death (B) and cardiac death (C)
Sensitivity is shown on the y-axis and 1−specificity on the x-axis.
Figure 4 Box plots showing (A) LTBP2 and (B) NT-proBNP levels in 1-year survivors, cardiac non-survivors and pulmonary non-survivors
The LTBP2 levels on the y-axis represent LTBP2 levels as measured by SRM-based methodology. Figure 6A ) and cardiac ( Figure 6C ) mortality (AUC, 0.77, 0.79, 0.80 and respectively) and tended to be superior for the prediction of pulmonary death ( Figure 6B ) (AUC, 0.80, 0.75 and 0.59 respectively; P value against NTproBNP 0.37, P value against BNP 0.02). Importantly, the predictive potential of LTBP2 was independent of kidney dysfunction and persisted in patients with preserved kidney function [AUC, 0.77 (95 % CI, 0.70-0.83)]. Table 2 displays univariate and multivariable regression analyses for the prediction of 1-year all-cause mortality. In a multivariate Cox regression analysis, LTBP2 was the strongest independent predictor of death [HR (hazard ratio), 3.76 (95 % CI, 2.13-6.64); P < 0.0001] and exceeded the predictive potential of markers of kidney Sensitivity is shown on the y-axis and 1 − specificity on the x-axis.
function {eGFR (estimated GFR) HR, 1.72 (P = 0.04); urea HR 2.1 (P = 0.01)} and NT-proBNP. Tertiles of LTBP2 levels clearly separated all-cause ( Figure 7A ), pulmonary ( Figure 7B ) and cardiac ( Figure 7C ) decedents from survivors.
DISCUSSION
In the present study, we specifically examined the diagnostic and prognostic potential of LTBP2 in patients presenting with acute dyspnoea. There are several key findings in this study. First, LTBP2 levels increase steadily with increasing cardiac haemodynamic stress. Nevertheless, the accuracy of LTBP2 to diagnose AHF as the cause of acute dyspnoea is limited. Secondly, LTBP2 levels are significantly elevated in patients dying during short-and long-term followup. This increase is observed independent of the cause of dyspnoea. Thirdly, LTBP2 levels are especially elevated in patients dying of pulmonary causes. Fourthly, this leads to LTBP2 levels powerfully predicting short-term pulmonary death. Fifthly, during long-term follow-up LTBP2 levels remain strong and independent predictors of all-cause mortality.
LTBP2 was recently discovered in an unbiased proteomics search for novel heart failure-related markers [5] . It is part of the LTBP family which is emerging as a substantial and complex group of ECM proteins. Additionally, the LTBP family plays a pivotal role in controlling and directing the activity of TGFβ [6] . Importantly, however, LTBP2 is the only member of the LTBP family without TGFβ-binding capabilities [12] . In addition, the phenotype of LTBP2 genetargeted mice is marked by early embryonic lethality and differs significantly from the phenotype displayed by TGFβ-knockout mice [7] . Hence LTBP2 appears to possess important TGFβ-independent tasks. During in situ hybridization experiments, LTBP2 commonly colocalizes with tropoelastin within the skin, heart, lung and large arterial vessels [7] suggesting a role in ECM structure and cell adhesion. Interestingly, the highest levels of LTBP2 are consistently found in lung tissue [7] , suggesting the lung as an important source of circulatory LTBP2 levels. The MS assay used for LTBP2 detection in the present study specifically detects the N-terminal part of the protein, which is highly resistant to proteolysis and acts as the fragment that adheres to the ECM [13] . The N-terminal part of the protein is generally surrounded by ECM. Circulating LTBP2 levels might therefore represent a spill-over of excessive or damaged ECM LTBP2 from the lung.
This pulmonary origin of LTBP2 could explain the LTBP2 elevation in patients at high-risk of shortterm pulmonary death. It should be noted that various pathophysiological pathways appear to be able to induce LTBP2-releasing acute pulmonary injury. In fact, in the setting of AHF, increased hydrostatic pressure has recently been shown to be able to induce ultrastructural changes of the blood-gas barrier [14] and consequently lead to pulmonary parenchymal inflammation [15] . In this cohort, two-thirds of the patients dying of pulmonary causes during the first 30 days of follow-up suffered from AHF, whereas one-third were diagnosed with pneumonia or acute exacerbation of COPD as the cause of dyspnoea. This distribution closely mirrors the distribution of final diagnoses in the overall cohort (AHF 54 %, acute exacerbation of COPD and pneumonia 21 %).
A marker of acute lung injury and pulmonary risk in patients with acute dyspnoea would be of great clinical importance and complementary to NPs, which quantify haemodynamic cardiac stress [16] . Similarly, the prognostic potential of NPs is predominantly based on identifying patients at risk of cardiovascular events [17] [18] [19] . Consequently, we found NP levels to inadequately assess the risk of short-term pulmonary death. The addition of LTBP2 levels could provide the clinician with an early warning sign for pulmonary risk highlighting the importance of fast and adequate volume depletion in AHF patients, targeted antimicrobial therapy in pneumonia patients and further diagnostics and close observation in patients with multifactorial dyspnoea. Additionally, AHF patients at high pulmonary risk might benefit from pre-emptive antibiotic therapy and anti-inflammatory drugs to halt the progression from hydrostatic-injury-induced parenchymal inflammation to lethal pulmonary infection.
During long-term follow-up, the association between LTBP2 levels and pulmonary mortality weakened, but LTBP2 remained a strong and independent predictor of all-cause mortality. In fact, the separation of the pulmonary Kaplan-Meier survival curves is solely based on the short-term pulmonary excess mortality of patients in the highest LTBP2 tertile. A possible explanation for this observation lies in the reversibility of the acute ultrastructural changes of the blood-gas barrier in hydrostatic pulmonary injury [20] . This observation suggests that pulmonary death in patients with AHF might be linked to leaks in the blood-gas barrier and that the occurrence of pulmonary deaths decreases after the repair of the acute injury.
Additionally, extrapulmonary release of circulating LTBP2 levels might contribute to the weaker long-term association with pulmonary death. In fact, heart and kidneys also produce LTBP2, and LTBP2 transcript levels have been shown to rise early in the chronic kidney and heart failure disease continuums [7] . In the heart, LTBP2 levels are increased in hypertrophied left ventricles, an early step in the development of heart failure. Similarly LTBP2 expression in the kidney is up-regulated in correlation with the disease severity in animal models of chronic kidney disease [21] . These extrapulmonary production sites may help to explain the strong association of circulating LTBP2 levels with cardiac stress and markers of renal function observed in this study. Importantly, cardiac stress and renal impairment have repeatedly been shown to carry prognostic importance in various disease states [22] [23] [24] . Hence, while pulmonary LTBP2 release appears to underlie the strong shortterm pulmonary-risk stratification, cardiac and renal LTBP2 release seems to contribute to the long-term predictive potential of this promising new marker. By integrating acute pulmonary injury, cardiac stress and renal impairment, circulating LTBP2 levels provide strong and independent long-term risk assessment.
Several limitations merit consideration. First, this was an observational single-centre study. However, since baseline characteristics and mortality rates are similar to other published acute dyspnoea cohorts, we consider our patient population representative [2, 4, 25] . Nevertheless our results represent the first description of LTBP2 in patients with acute dyspnoea and will need to be validated in larger, multicentre studies. Secondly, currently only semi-quantitative measurements of LTBP2 by MS are available. Immunoassays are in development and should soon simplify research and subsequently allow routine clinical use. Thirdly, treating physicians were blinded to the LTBP2 test results. We can therefore not assess the impact of a biomarker guided treatment strategy on therapy changes, treatment costs and long-term outcome.
In conclusion, the plasma levels of LTBP2 present a novel and powerful predictor of all-cause mortality, and particularly pulmonary death. Cause-specific prediction of death with this potential marker of acute lung injury would enable targeted prevention, for example with preemptive antibiotic therapy.
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